New tools in diagnosing renal artery stenosis  by Pedersen, Erling B. et al.
Kidney International, Vol. 57 (2000), 2657–2677
NEPHROLOGY FORUM
New tools in diagnosing renal artery stenosis
Principal discussant : Erling B. Pedersen
Holstebro Hospital and Aarhus University, Holstebro, Denmark
and furosemide in various combinations. The patient was re-
ferred for surgical treatment.
However, before the surgery could be performed, the patient
had an episode of fever and right lumbar pain associated with
a rise in the serum creatinine to 160 to 190 mmol/L (1.8 to 2.2
mg/dL). Renography demonstrated a decrease in function of
the right kidney. A second renal angiogram showed an occlu-
sion of the right renal artery (not amenable to percutaneous
transluminal angioplasty) and an unchanged stenosis on the
left (Fig. 1B). Plasma renin activity was 25.4 ng/h/mL in the
right renal vein, 5.9 ng/h/mL in the left vein, and 5.2 ng/hr/mL
in the vena cava. His blood pressure was reduced to 160/85–100
mm Hg by treatment with metoprolol, pinacidil, furosemide,
and spironolactone. In addition, the patient received acetylsali-
cylic acid, 150 mg daily. Nephrectomy of the right kidney was
performed, and a saphenous vein bypass graft was constructedCASE PRESENTATION
between the aorta and the left renal artery distal to the stenosis.
A 58-year-old man had a routine health examination at his Postoperatively, his blood pressure was 130–150/90–95 mm Hg
general practitioner’s office. The blood pressure was 220/150 without antihypertensive therapy; the serum creatinine fell to
mm Hg. His blood pressure had been normal at a similar 110 to 120 mmol/L (|1.3 mg/dL).
examination three years previously. Fifteen months later, the patient’s diastolic blood pressure
The patient was referred to hospital. Evaluation revealed: rose to a level of 120 to 130 mm Hg despite resumption of
grade-3 hypertensive changes in the retina; a cardiothoracic antihypertensive treatment. Abdominal angiography showed
ratio of 18/36 on chest x-ray; left-ventricular hypertrophy on occlusion of the saphenous vein bypass graft and progression
the electrocardiogram; slight dilation and hypertrophy of the of the stenosis of the left renal artery (Fig. 1C). Surgery was
left ventricle on echocardiography; serum creatinine, 100 to attempted to construct a spleno-renal anastomosis, but the
130 mmol/L (1.1 to 1.5 mg/dL); serum potassium, 2.7 mmol/L; blood flow in the anastomosis intraoperatively was low due to
urine protein excretion of 1.0 to 1.5 g/L; and normal microscopy atherosclerosis of the splenic artery. Therefore, reconstruction
of the urine. Renography showed that the right kidney’s func- of the left renal artery was done using synthetic materials.
tion was 25% of the total renal function, both with and without Postoperatively, his blood pressure was 135/90 mm Hg, serum
furosemide and without antihypertensive therapy. Renal vein creatinine was 120 to 130 mmol/L (|1.4 mg/dL), and treatment
catheterization was performed for determination of renin con- consisted of metoprolol, bendroflumethiazide, and acetylsali-
centration; plasma renin concentration was 260 mIU/L in the cylic acid.
right renal vein, 62 mIU/L in the left renal vein, and 96 mIU/L Two years later, the patient’s course was complicated by a
in the arterial plasma. Conventional renal angiography showed cerebrovascular insult, with aphasia and hemiparesis on the
atherosclerosis of the aorta, bilateral renal artery stenosis, and right side due to an infarction in the left cerebral hemisphere.
a small right kidney. On the left side, the stenosis was 7 mm Rehabilitation was partly successful, but some neurologic defi-
long; it started 7 mm after the ostium, and the diameter of the cits remained. He regained his ability to walk but required a
arterial lumen was reduced to 4 mm. On the right side, a very cane. He also recovered the power of speech with very little
severe stenosis was demonstrated at the ostium (Fig. 1A). dysarthria.
Blood pressure was difficult to control despite treatment On follow-up five years later, a 24-hour blood pressure mea-
with a calcium channel blocker, a b-adrenoreceptor blocker, an surement was performed. The average 24-hour level was 130/88
a-adrenoreceptor blocker, alphamethyldopa, spironolactone, mm Hg, the daytime level was 135/91 mm Hg, and the nighttime
level was 120/78 mm Hg. The antihypertensive therapy con-
sisted of a calcium channel blocker and a thiazide.
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Fig. 1. Conventional renal angiogram (A) at admission to hospital with bilateral renal artery stenosis, (B) two months later with occlusion of the
right renal artery, and (C ) 15 months later with progression of the renal artery stenosis (arrow) on the left side.
patient presented today raises several important ques- are infusion urography, renal-vein-renin measurement
(with calculation of different indices such as renal-vein-tions regarding the screening and diagnosis of renal ar-
tery stenosis. The main topics I plan to discuss include renin-ratio or Vaughan index), the captopril challenge
test, blood pressure response to saralasin or captopril,the following: First, a brief review of the available tests
for diagnosing renal artery stenosis, divided into newer conventional renography, angiotensin-converting enzyme
inhibitor renography (ACE inhibitor renography), andand older methods; second, the clinical criteria that
should be used to select patients for screening for renal color Doppler sonography. The tests from the morpho-
logic group that had been developed and used in theartery stenosis; third, an in-depth analysis of four impor-
tant diagnostic tests—renography, color Doppler sonog- 1980s and 1990s are spiral CT angiography and MR angi-
ography, and from the functional group, ACE inhibitorraphy, spiral CT angiography, and magnetic resonance
(MR) angiography; and finally some guidelines regarding renography and color Doppler sonography. In this Fo-
rum, when I refer to the new diagnostic tests, I meancurrent methods for screening and diagnosing renal ar-
tery stenosis. these four tests.
Let me take a moment to discuss the clinical criteriaThe many tests used to diagnose renal artery stenosis
(RAS) have been predominantly morphologic and func- for screening. Obviously, screening for renovascular hy-
pertension should be performed in patients with a hightional tests. The tests that show morphologic abnormali-
ties in the renal arteries include conventional angiography, or moderate likelihood of having the disease. In this situa-
tion, the prevalence of renovascular hypertension is sodigital subtraction angiography, spiral CT angiography,
and MR angiography. The tests that demonstrate func- high that screening is justified both from a medical and
an economic point of view. Screening for the presencetional abnormalities secondary to a stenotic renal artery
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Fig. 1. (Continued).
of a given disease is justifiable only when the screening vascular hypertension or renal artery stenosis is only a
few percent of the population of hypertensive patients.test has sufficient predictive value to be cost effective when
applied to the population deemed eligible for screening. In populations of patients referred to nephrology or hy-
pertension units because of the clinical suspicion of renalThe predictive value of a test, in turn, depends on the
prevalence of the disease. The major requirement of a artery stenosis, renal artery occlusion, or hypertension
accompanied by cardiovascular disease or reduced renalscreening test is a high negative predictive value. For tests
having a sensitivity and a specificity of 95%, the test’s function, the prevalence of renal artery stenosis is much
higher, ranging from 20% to 50% [3–7].positive predictive value is 16%, 28%, 50%, 68%, and
83%—for disease prevalences of 1%, 2%, 5%, 10%, and Screening of all patients who have arterial hyperten-
sion yields a large number of false-positive results—even20%, respectively—whereas the negative predictive value
is more than 95% at each of these prevalence levels [1]. greater than the number of true-positive tests—because
of the large number of patients with arterial hypertensionThe prevalence of renal artery stenosis in the general
population is not precisely known. In the late 1980s, and the low prevalence of renal artery stenosis in unse-
lected patients. Consequently, only that subgroup of pa-however, Anderson, Blakemann, and Streeten, using the
magnitude of blood pressure fall after saralasin adminis- tients with arterial hypertension in whom renovascular
hypertension occurs with a higher prevalence than intration as an indication of renovascular hypertension,
found a prevalence of 3% of renovascular hypertension the general population should be screened. Ideally, this
selection should be based on rigorously defined and well-in 3520 unselected patients with arterial hypertension [2].
Although the accuracy of this procedure is clearly lim- established clinical criteria.
Although physicians do not generally agree about theited, it is commonly believed that the prevalence of reno-
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Fig. 1. (Continued).
clinical selection criteria for screening for renovascular
hypertension, many physicians will agree that Mann and Table 1. Probability of renovascular hypertension based on
Pickering proposed important criteria for selecting pa- clinical criteriaa
tients for screening (Table 1) [8].
Low
Borderline and mild hypertension without hypertensive target-organ
Renography damage
ModerateConventional renography is a well known procedure.
Severe hypertension (diastolic blood pressure greater than 120 mm Hg)ACE inhibitor renography is performed in the same way,
Hypertension refractory to standard therapy (excluding ACE inhibi-
but a crushed tablet of captopril, 25 mg or 50 mg, is given tors and angiotensin II blockers)
Hypertension with abdominal or flank bruitone hour before the procedure. Other ACE inhibitors
Moderate hypertension (diastolic blood pressure greater than 105can be used as well. Several different radiopharmaceuti-
and up to 120 mm Hg) in patients with evidence of occlusive
cal agents have been used, either markers of glomerular vascular disease in the abdomen or the legs, and in patients with
an unexplained but stable elevation of serum creatininefiltration rate (GFR), that is, 99mTc-diethylenetriamino-
Highpentaacetate (DTPA) or renal perfusion, that is, 123I- or
Severe hypertension (diastolic blood pressure greater than 120 mm Hg)125-I-orthoiodohippurate (OIH) and 99mTc mercaptoace-
with either progressive renal insufficiency or refractoriness to stan-
tylglycylglycylglycine (MAG3). Study conditions should dard treatment, especially in patients with evidence of occlusive
vascular disease in the abdomen or legsbe standardized, and the fluid intake should be 500 to
Accelerated or malignant hypertension1000 mL (approximately 10 mL/kg body weight), during
Hypertension with a recent elevation of serum creatinine induced
the hour before the renography to obtain an adequate by an ACE inhibitor
Moderate and severe hypertension with asymmetry of renal sizeurine output.
aModified from [8]Renography, a functional test, gives information about
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Fig. 2. Schematic renograms displaying normal findings (A) and grades 1 (B), 2A and 2B (C), and 3 abnormalities. Reprinted from [9].
total renal function, that is, GFR or renal blood flow. In activity, for example, renal cortical activity 5 (cortical
activity after 20 minutes/cortical activity at maximum) 3addition, single-kidney GFR and mean transit time can
be measured, depending on the technique used. The diag- 100% for OIH and MAG3.
The renographic abnormalities in renovascular hyper-nostic criteria will depend on the tracer, that is, whether
a tracer is used that is only excreted by glomerular filtra- tension can be divided into three grades. For DTPA
(Fig. 2), grade 0 corresponds to a normal renogram. Intion (DTPA), or whether the tracer is excreted both by
glomerular filtration and tubular secretion (OIH and grade 1, the uptake rate is normal or slightly reduced,
Amax is normal or slightly reduced, Tmax is delayed to 6 toMAG3). The difference between the left and the right
kidney with regard to uptake, excretion, kidney size, and 11 minutes (normal, less than 5 minutes), and excretion is
normal or slightly delayed. In grade 2, the uptake iseventual asymmetry can be determined by inspection of
the scintigram and the renogram. However, some param- delayed, Amax is reduced, and Tmax is delayed to more
than 11 minutes, with excretion during 30 to 40 minuteseters usually are calculated to obtain quantitative assess-
ment: (1) the distribution of the uptake of the tracer (grade 2A) or without any excretion during the period
(grade 2B). In grade 3, the uptake is greatly reduced orbetween the two kidneys (split renal function or left-to-
right ratio), that is, the percentage uptake on the left abolished. For OIH/MAG3, grade 0 also corresponds to
a normal renogram. In grade 1, uptake is reduced onand right sides during the first few minutes of the exami-
nation, often during the second and third minute: (2) the affected side, but Tmax is not delayed and excretion
is normal. In grade 2, uptake is reduced, Tmax is delayed,maximum activity (Amax); (3) single-kidney GFR by the
aid of DTPA; (4) single-kidney effective renal plasma and excretion is delayed. In grade 3, no excretion is seen
during the examination period, usually 20 minutes.flow by the aid of OIH or MAG3; (5) the time to peak
activity (Tmax), especially for DTPA; (6) the transit time In patients with significant renal artery stenosis, the
ACE inhibitor renogram will deviate from the baselinein the renal parenchyma; and (7) the residual cortical
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Table 2. Probability of renovascular hypertension based on changes the prevalence of renovascular hypertension is 5% [13].
from baseline renography to captopril renographya
Consequently, many patients with false-positive test re-
Baseline sults will be referred unnecessarily for further examina-
renography Captopril renography tions for renovascular hypertension. If captopril renogra-
Grade 0 Grade 1 Grade 2A Grade 2B Grade 3 phy is used as the screening test, or if captopril-induced
Grade 0 Lb H H H H changes in the renogram are used, both sensitivity and
Grade 1 L I H H H specificity are increased compared with conventional re-
Grade 2A L L I H H
nography. A review of some of the earliest studies ofGrade 2B L L L I H
Grade 3 L L L I I ACE inhibitor renography has been given elsewhere
aData are from [9] [14]. Table 3 shows sensitivity, specificity, and positive
bAbbreviations are: L, low probability of renovascular hypertension; I, indeter- and negative predictive values of studies from the lastminant probability of renovascular hypertension; H, high probability of reno-
vascular hypertension 10 years. Both the positive and negative predictive values
are often 90% to 95% depending on the criteria for a
normal renogram as documented in several papers (Ta-
ble 3) and in reviews [8, 14, 26, 27]. In a retrospective
renogram. The changes induced by an ACE inhibitor analysis of a large group of patients, Van Jaarsveld and
can be analyzed based on the grading system I just cited colleagues concluded that the diagnostic accuracy of re-
and in Table 2. Thus, a change induced by captopril from nography had not been improved by the introduction
grade 0 to 1, 2, or 3, from grade 1 to 2 or 3, or from of captopril [28]. They also concluded, however, that
grade 2 to 3 strongly suggests renovascular hypertension scintigraphy still was the most effective first-line diagnos-
[9]. The changes after captopril can be pronounced, as tic procedure that can reduce the number of negative
in Figure 3. If an improvement in the renogram is induced arteriograms to a level that is acceptable in terms of
by ACE inhibition, that is, a change from a higher to a burden to the patient and cost [28]. In a recent study,
lower grade, the likelihood of renovascular hypertension Roccatello and Picciotto used a modification of capto-
is very low. Abnormalities corresponding to grade 2B pril-enhanced renography, that is, the “expected reno-
and grade 3 usually are not influenced by ACE inhibition, gram” method [23]. In this method, the theoretical con-
or at least only to a small extent. If only ACE inhibitor tralateral curve, called the “expected renogram,” was
renography is performed and baseline renography is calculated frame by frame from renal curves obtained
omitted, scintigraphic abnormalities corresponding to under ACE inhibition and one of two baseline curves.
grade 1, 2, or 3 make renovascular hypertension suspect. The “expected renogram” was compared with the re-
The renographic changes after captopril administra- corded ipsilateral curve. If the difference between the
tion are not specific for unilateral renal artery stenosis “expected” and recorded renograms was more than 62
[9]. Thus, a grade 1 abnormality can be seen both in SD, the patient had unilateral or bilateral renal artery
patients with congenital renal hypoplasia and in patients stenosis. The specificity of the method was as high as
with unilateral loss of renal tissue caused by acquired 95% without any loss of sensitivity compared to the
renal disease other than renal artery stenosis. Grade 2 standard evaluation. The authors concluded that the high
abnormalities can be due to ectasia of the renal pelvis. specificity of the “expected renogram” method can re-
These alterations are accentuated by a low urine volume, duce the number of unnecessary invasive procedures.
but usually no differences are apparent between the left Several investigators have questioned the diagnostic
and right sides. Significant blood pressure reduction also value of captopril renography [4, 6, 17]. However, in one
can result in bilateral grade 2 changes. Grade 3 abnor- study, 50% of the patients had renal artery occlusion, a
malities (OIH) and grade 2B abnormalities (DTPA) can group in which one would not expect captopril-induced
occur in patients with urinary tract obstruction, but usu- changes [17]. In other studies, part of the explanation
ally the affected kidney is larger than the contralateral could be inclusion of a rather large group of patients
kidney, and the pelvis appears dilated on the scintigram. with less than 50% stenosis of the renal artery [4]. In
Conventional renography has been used to screen for the studies by Svetkey et al, the specificity of captopril
renovascular hypertension for many years; the sensitivity renography was as low as 41% [6], but in that study,
and specificity have been calculated as 75% to 85% with captopril renography was considered abnormal only if
OIH [10, 11] or even lower, 43% to 68% with DTPA split-function analysis showed a share fraction of 47%
[12]. A conventional renogram that is negative can have a or less of the total activity on the affected side. Thus,
high predictive value for unilateral renal or renovascular marked differences exist in diagnostic criteria for evalu-
disease in patients with hypertension [13], especially if ating a renogram as abnormal, and these differences
one uses very narrow ranges to define a normal reno- might explain the variations in specificity among studies.
gram. The problem, however, is that the predictive value ACE inhibitor renography with the addition of furose-
mide has never been documented as having higher posi-of a positive test in this situation is as low as 33%, when
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Fig. 3. Conventional renography and captopril renography in the same patient. The conventional renogram (A) was normal, but the captopril
examination (B) gave clear suspicion of renal artery stenosis. Symbols are: (d) left; (r) right.
Table 3. Angiotensin converting enzyme (ACE) inhibitor renography with different tracers in diagnosing renal artery stenosis
Positive Negative
predictive predictive
RAS EH Sensitivity Specificity value value
Author [Reference] N %
DTPA
Pedersen et al [15] 14 10 93 100 100 91
Dondi et al [16] 52 80 92 96 97 95
Chen et al [12] 23 27 91 93 91 93
Mann et al [17] 35 20 51 100 100 54
Setaro et al [5] 58 55 91 87 88 91
Svetkey et al [6] 31 109 74 44 27 86
Pedersen et al [18] 26 16 76 94 94 96
Dey et al [19] 45 43 89 84 85 88
Mittal et al [20] 45 41 82 90 90 82
IOH
Mann et al [17] 35 20 43 90 88 47
Erbslo¨h-Mo¨ller et al [21] 28 22 96 95 95 96
Svetkey et al [6] 31 109 71 41 26 83
MAG3
Nitzsche et al [22] 18 50 94 88 74 98
Roccatello and Picciotto [23]
Standard evaluation 29 20 79 70 79 76
Expected renogram 29 20 79 95 96 76
DTPA or IOH
Geyskes et al [24] 15 19 80 100 100 86
Fommei et al [4] 208 157 63 84 85 63
Roccatello et al [25] 35 32 92 94 94 91
Abbreviations are: RAS, renal artery stenosis; EH, essential hypertension; DTPA, 99mTc-diethylenetriaminopentaacetate; IOH, 133I-or 125I-orthoiodohippurate;
MAG3, 99mTc-mercaptoacetylglycylglycylglycine.
tive and negative predictive values than does a test with- [31]. Erbslo¨h-Mo¨ller and colleagues obtained good re-
sults with furosemide-orthoiodohippurate renography inout a diuretic agent. Using rat models of renovascular
hypertension, Kopecky et al [29] and McAfee et al [30] humans [21], but correspondingly good diagnostic infor-
mation has been achieved in many other studies withoutshowed that captopril accentuated the difference be-
tween the affected and non-affected side when furose- the use of furosemide.
The value of ACE inhibitor renography has been ques-mide also was administered. However, more recent stud-
ies in rats have not been able to confirm these results tioned in patients with reduced renal function. Obvi-
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ously, ACE inhibitor renography will be abnormal in always delayed hippurate handling in the stenotic kidney,
whereas chronic ACE inhibition induced abnormal post-patients with severely impaired renal function, and of
course a reduction in renal function that is severely re- stenotic renograms in only 36% of instances [35]. This
phenomenon might explain some of the variation in sen-duced cannot be expected after captopril administration
in these patients. In patients in whom renal function is sitivity of ACE inhibitor renography in human studies.
An ACE inhibitor renogram always should be done soononly slightly or moderately reduced, some studies have
demonstrated a high sensitivity with regard to renal ar- after acute administration of the ACE inhibitor; the diag-
nostic value of the test is reduced if the ACE inhibitortery stenosis, that is, 87% [5], and 86% [4]; other studies
have reported the sensitivity to be as low as 75% [32]. had been administered chronically, and acute adminis-
tration is omitted during the test.Significantly prolonged residual cortical activity occurred
after renography in patients with renal artery stenosis Stenosis of a segmental branch from the main renal
artery occurs in approximately 10% of patients suspectedand a serum creatinine higher than 1.8 mg/dL, compared
with patients with the same degree of reduction in renal of having renovascular hypertension who are referred
for renal angiography. At present, the value of ACEfunction but without renal artery stenosis [21]. Scoble et
al performed 99mTc-DTPA renography before and after inhibitor renography in this condition is not clear, but a
few case reports suggest that the test might be diagnosti-captopril administration, and the sensitivity was 94% in
bilateral renal artery stenosis (n533; mean serum creati- cally helpful [36, 37]. I conclude that renography, espe-
cially captopril renography, remains an effective screen-nine, 466 mmol/L, 5.3 mg/dL) and 63% if only one kidney
was affected (n512; mean serum creatinine, 264 mmol/L, ing method for renal artery stenosis.
3.0 mg/dL) [33]. Thus, ACE inhibitor renography seems
Color Doppler sonographyable to diagnose renal artery stenosis in patients with
reduced renal function if the renal function is not se- The first studies with ultrasound examination of the
kidneys, that is, M-mode scanning, gave morphologicverely impaired. Datseris et al argue that ACE inhibitor
renography even might be useful for patients with a information. Differences in size between the two kidneys
could be detected easily and of course could be due toreduction in GFR as low as 10 ml/min and a difference
in function of individual kidneys of greater than 10% [34]. renovascular disease, but to many other diseases as well.
More specific signs of renal artery stenosis were notIn patients with bilateral renal artery disease, many
studies have documented high sensitivity of captopril available with this methodology. The next step in the
development of sonography was the use of the Dopplerrenography for diagnosing renal artery stenosis. The sen-
sitivity was 77% in one study [25] and 93% in another technique in examining the renal arteries and measuring
several different velocimetric indices. The recent re-[32]. In patients with unilateral renal artery stenosis,
Fommei, Mezzasalma, and Ghione found a sensitivity of finement of the technique using color Doppler sonogra-
phy has made it possible to examine the intrarenal vascu-73% when the degree of stenosis was equal to or ex-
ceeded 70%, and 69% when the degree of stenosis was lar bed (that is, the interlobar and arcuate arteries), to
calculate pulsatility index or resistive index, and to com-equal to or exceeded 50%; in bilateral renal artery steno-
sis, the sensitivity was 91% when the degree of stenosis pare indices between the two kidneys. In the mid-1990s,
contrast media were added to the color Doppler sonogra-equaled or exceeded 70% on one side and was 86%
when the degree of stenosis equaled or exceeded 50% phy technique, substantially improving the quality of the
Doppler signals. Recently, color Doppler sonographyon one side [4]. Thus, ACE inhibitor renography can give
valuable diagnostic information in patients with bilateral has been done both before and after captopril adminis-
tration in an attempt to improve the predictive value ofrenal artery stenosis, pointing out which kidney is func-
tionally more important. color Doppler sonography, as had been done previously
with renography.How does the administration of antihypertensive drugs
affect the response to captopril renography? Setaro et Color Doppler sonography has been used to identify
the location of a renal artery stenosis by direct measure-al demonstrated that the sensitivity was 75% in patients
who received ACE inhibitor treatment alone or in com- ment at various parts of the renal artery. Several different
indices have been used: peak systolic velocity, renal aor-bination with other antihypertensive agents [5]. In con-
trast, in patients who received an antihypertensive treat- tic ratio, end-systolic velocity, resistive index (RI), pul-
satility index (PI), acceleration time, and accelerationment other than an ACE inhibitor, the sensitivity was
98%; in patients treated with diuretics, the sensitivity index. An enhanced flow velocity in a segment of the
renal artery, especially changes in flow characteristics,was 87%. In most studies, ACE inhibitor treatment has
been discontinued before captopril renography, but ac- has been taken as indicative of renal artery stenosis.
However, several problems have emerged with the usecording to Setaro et al, the sensitivity is reduced only
modestly, even if ACE inhibitor treatment was contin- of direct analysis of flow in the stenotic segment. First,
the method demands optimal sonographic test conditionsued [5]. In animal experiments, acute ACE inhibition
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Table 4. Color Doppler sonography in diagnosing renal artery stenosis
Patients Arteries Positive Negative
N N Degree of predictive predictive
stenosis Sensitivity Specificity value value
EHa or Stenotic
Author [Ref.] controls RAS Controls arteries %
Postma et al [39] 46b 24 — 29 $50 63 86 83 68
Stavros et al [40] 30 26 — 32 $60 95 97 92 98
Kliewer et al [41] 23 23 — 28 $80 66 67 — —
Schwerk et al [42] 53 19 — 19 .50 82 92 — —
Olin et al [43] — — 63 124 $60 98 98 99 97
Spies et al [38] — — 153 42 $50 93 92 77 98
Krumme et al [44] 47 88 — 107 $50 89 92 92 88
Miralles et al [45] 34 44 98 58 $60 87d/76e 91d/92e 86d/86e 92d/87e
Missouris et al [46] — — 24 16 $60 85f/94g 79f/88g — —
Postma et al [47] 52c 19 — — $50 47 97 — —
Nazzal et al [48] — — 70 73 $50 89h/63i 92h/98i 85h/91i 94h/87i
Riehl et al [49] 161 53 — 59 $70 93 96 93 98
aAbbreviations: EH, essential hypertension; RAS, renal artery stenosis
bTechnical failures in 15 of 61 patients
cTechnical failures in 5 of 57 patients
dTest parameter was peak systolic velocity in the renal artery
eTest parameter was renal/aortic ratio
fWithout ultrasound contrast enhancement
gWith ultrasound enhancement
hTest parameter was acceleration index
iTest parameter was acceleration time
and is limited by patient obesity and by intestinal gas high diagnostic values, which do not give true informa-
tion about the methods’ efficacy.overlying the area of interest. Second, the examination
time is long even with experienced staff. Third, accessory Doppler sonography has been used directly on the
renal artery, but the results of different studies varyarteries and aberrant arteries can seldom be detected.
These problems account for the considerable disagree- considerably. Miralles et al found a positive predictive
value of 86% and a negative predictive value of 92%ment over sensitivity, specificity, and predictive values
in the use of color Doppler sonography of the renal using peak systolic velocity in the renal artery [45]. Olin
and colleagues found positive and negative predictivevasculature to screen for renal arterty stenosis. Spies et
al reviewed 18 studies of renal artery stenosis by duplex values of 99% and 97% using either peak systolic veloc-
ity, end-diastolic velocity, or renal-aortic ratios of thesonography from the 1980s to the beginning of the 1990s
[38]. The sensitivity was from 63% to 100% and the renal vasculature to detect a renal artery stenosis [43].
In contrast to these studies, Postma and coworkers foundspecificity from 73% to 100% for detecting a renal artery
stenosis. Table 4 shows sensitivity, specificity, and posi- a sensitivity of 47% in the detection of a renal artery
stenosis and a technical failure rate of 9%; they con-tive and negative predictive values from later studies.
Burdick et al compared velocimetric indices (PI, RI, cluded that ultrasound Doppler pattern recognition of
the loss of early systolic peak in segmental renal arteriesacceleration index, acceleration time) with cut-off levels
of 0.93, 0.59, 7.4 m/s2 and 60 ms, respectively, in patients was not sensitive enough to be used in clinical practice
to detect a main renal artery stenosis in an unselectedwith renal artery stenosis graded to 50% to 95% [50].
Acceleration index and acceleration time had higher sen- hypertensive population [47].
Renal artery stenosis might be diagnosed more effec-sitivity, specificity, positive predictive value, and negative
predictive value than did PI and RI (PI: 73%, 86%, 79%, tively by Doppler sonography of the vasculature distal
to the stenosis. Thus, the segmental branches in the reno-81%; RI: 70%, 82%, 74%, 78%; acceleration index: 89%,
96%, 93%, 93%; acceleration time: 89%, 94%, 91%, vascular tree have been studied in the hope of improving
the diagnostic value of Doppler sonography in renal ar-93% for sensitivity, specificity, and positive and negative
predictive values, respectively). tery stenosis [40]. The advantages of this procedure are
that a direct image of the renal arteries is not necessary,One important point must be taken into consideration.
That is, how have the calculations of sensitivity, specific- and the signals from the segmental arteries are easier to
locate than are the signals from the site of a stenosis inity, and predictive values been performed? In some stud-
ies, patients were excluded before the statistical analysis, the main renal artery. If a stenosis is present proximal
to where the Doppler signal is recorded, changes occurwhen information about the renal arteries was not avail-
able because of technical failure. This method of han- in the pattern of systolic peak flow velocity. A visual
interpretation in the changes of the peak systolic wavedling the data results in inappropriate and unrealistically
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patterns has been reported to be sufficiently accurate to test were slightly lower. We concluded that conventional
renography, captopril renography, and color Doppler so-detect renal artery stenosis [40].
The diagnostic value of color Doppler sonography was nography all were very good screening tests for renal
artery stenosis, but the positive predictive values wereimproved in the late 1990s by the use of an intrarenal
measurement, that is, determination of PI and RI in both clearly highest when using changes from conventional
renography to captopril renography. The combined anal-kidneys. Riehl et al used a combination of RI of each
kidney and side-to-side differences of the resistive indi- ysis of peak systolic velocity and change in RI gave a
positive predictive value of 92% and a negative pre-ces (DR) between the right and left kidney, and found
a sensitivity of 93%, a specificity of 96%, a positive pre- dictive value of 88% in diagnosing renovascular disease
[44]. The study’s conclusion was that only the combina-dictive value of 93%, and a negative predictive value of
98% in detecting a renal artery stenosis of more than tion of intra- and extrarenal scanning with color Doppler
sonography represents an effective screening method for70% [49]. However, these optimistic results contrast with
those of Baxter et al [51], because the examination was significant renal artery stenosis in hypertensive patients.
Recently the Doppler method of diagnosing renal ar-unsuccessful in 16% of the kidneys studied and accessory
arteries were present in 14% of the patients but were tery stenosis has been improved by the use of contrast
media, specifically a galactose microparticle suspensionnot detected in any using intra-arterial digital subtraction
angiography as the “gold standard.” containing microbubbles, which improves the Doppler
signals [46]. The main advantage is an improvement inIn our own study [7], we compared the positive and
negative predictive values of conventional renography, sensitivity from 85% to 94%, the specificity from 79%
to 88%, and a reduction in examination time from 25 tocaptopril renography, and color Doppler sonography in
the diagnosis of renal artery stenosis. These three tests, 14 minutes on an average in this study. The high price
of the contrast media is of course a disadvantage.plus renal angiography, were performed in consecutively
admitted patients with arterial hypertension either be- Another approach for improving the diagnostic value
of color Doppler sonography has been using ACE inhibi-cause of suspicion of renovascular hypertension or re-
fractoriness to treatment. The color Doppler examina- tion before and after the examination. The first papers in
this field reported an improvement in the diagnostic powertions were performed with the patients in the supine
position with lateral scanning of the kidney. The sample of color Doppler sonography [52–54], but further studies
are necessary before the final value of this method canvolume for pulsed Doppler was set at a peripheral artery
in the kidney, presumably an arcuate artery, but always be determined. In summary, the Doppler sonographic
technique has been gradually improved during the lastsymmetrically in the two kidneys. The velocity wave
form was recorded when the patients held their breath ten years. In centers with considerable experience, color
Doppler sonography is an acceptable alternative to re-in expiration. The PI was calculated as an average of
three measurements; only high-quality waves were ac- nography in screening for renal artery stenosis.
cepted (Fig. 4). The diagnosis was based on a difference
Spiral computed tomography angiographyin kidney length of more than 1 cm and/or a difference
of PI value of .0.1. Of 131 patients, 28 had a renal artery The spiral CT scanner consists of a continuously rotat-
ing x-ray tube and an array of detectors mounted on astenosis exceeding a 50% reduction in diameter of the
artery, and 19 had a RAS exceeding 70%. Using the slip-ring gantry; contrast medium is given intravenously.
The patient’s table is gradually moved forward duringEuropean Multicenter Study criteria for renography [4],
we determined that the predictive values of a negative the scanning. The scanning time is approximately 35
seconds, the patient examination time is close to 20 min-test for a RAS greater than 50% were 88% for conven-
tional renography; 90% for captopril renography; 86% utes, and 20 to 30 minutes are necessary for data analysis.
The data, which consist of overlapping transaxial images,for changes from conventional to captopril renography;
92% for abnormalities in conventional renography, cap- can be seen and analyzed using arbitrary cut planes, or
the information can be transformed into angiographictopril renography, or changes from conventional to capto-
pril renography; and 91% for color Doppler sonography. displays by maximum intensity projection (MIP) or
three-dimensional shaded surface displays (SSD).The corresponding values for a RAS greater than 70%
were 94%, 97%, 93%, 98%, and 96%. The predictive Spiral CT angiography is a sensitive and specific test
for visualizing renal arteries and diagnosing renal arteryvalues of a positive test were clearly lower, ranging from
20% to 75%, but best when changes from conventional stenosis (Table 5). Rubin et al compared the MIP and
SSD techniques in 62 renal arteries [55]. When the diag-to captopril renography were used, 69% to 75%. Using
local criteria for renography [15, 18], we determined the nosis was based on MIP, the sensitivity was 93% and
the specificity 83%, but the corresponding values werepredictive values of a negative test to be almost equal
to those obtained by using the European Multicenter 59% and 82% when the diagnosis was based on SSD
[55]. Stenosis of the renal artery was correctly graded inStudy criteria, but the predictive values of a positive
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Fig. 4. A renal artery stenosis on the left side (A) detected by color Doppler sonography. (B) Right side.
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80% by MIP, but only in 55% by SSD. However, when
spiral CT angiography was based not only on MIP and
SSD, but also included the primary transaxial data, a
better result was obtained [56–59]. As Table 5 shows, the
sensitivity was 88% to 99%, the specificity 93% to 98%,
the predictive value of a positive test 88% to 96%, and
the predictive value of a negative test 96% to 98% in
detecting a renal artery stenosis of more than 50% using
spiral CT angiography [56–59].
Spiral CT angiography can also reliably visualize ac-
cessory renal arteries [55, 58, 59]. It detects accessory
renal arteries and aberrant vessels much better than does
color Doppler sonography, and in this regard it is equal to
conventional renal angiography. Grading of renal artery
stenosis (grade 0, no stenosis; grade 1, ,50%; grade 2,
50% to 75%; grade 3, .75%; grade 4, occlusion) by
spiral CT angiography is sufficiently good. Undergrading
or overgrading (when compared to intra-arterial digital
subtraction angiography) are rare and only erred by one
grade [56, 58, 59].
The risk of nephrotoxicity seems to be the same after
spiral CT angiography and conventional angiography de-
spite the fact that the amount of contrast medium used
is around 150 mL in spiral CT angiography and often
less (50 to 100 mL) in conventional angiography [56]. In
the latter procedure, however, the contrast is injected
directly into the renal arteries, whereas injection into a
peripheral vein is used in spiral CT angiography. The
infusion of a high concentration of potentially nephro-
toxic contrast medium directly into the kidney might
explain why the degree of nephrotoxicity is the same in
spiral CT angiography as in conventional angiography,
although the total load of contrast medium is less in
conventional angiography.
The diagnostic accuracy of spiral CT angiography is
reduced in patients with impaired renal function, that is,
a serum creatinine level higher than 130 mmol/L, but
apparently only to a small extent. Olbricht et al reported
a sensitivity of 97.5% and a specificity of 92% in 28
patients with a mean serum creatinine of 309 mmol/L
[60]. Spiral CT angiography gives morphologic informa-
tion about the renal arteries but provides no data regard-
ing renal function or blood flow. This deficiency is in
contrast to renography and color Doppler sonography,
both of which provide some information about renal
perfusion and function.
The most important advantages of spiral CT angiogra-
phy compared to conventional angiography include the
intravenous approach, the visualization of both the arte-
rial lumen and the arterial wall (which can contain calci-
fied plaques), and the three-dimensional visualization
technique [61]. It is a reliable and accurate screening
modality for evaluation of renal arteries in patients with

























































































































































































































































































































































































































































































































































nal donors [62]. Moreover, spiral CT angiography pro-
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Fig. 5. A renal artery stenosis on the left side
(arrow) detected by MR angiography.
vides better visualization of the accessory and distal parts by the use of gadolinium [69, 71, 72]. In addition, the blood
flow in the renal arteries can be measured by phase-contrastof the renal arteries than does MR angiography. In con-
MRA by the breath-hold technique [74–76]. If this tech-clusion, spiral CT angiography is a very effective method
nique can be refined to sufficient accuracy and reliability,for diagnosing a renal artery stenosis and quantitating
a new field of diagnostic possibilities will emerge. Anthe severity of the stenosis.
accurate estimation of the blood flow in the individual
Magnetic resonance angiography kidney would be a great step forward in the diagnostic
evaluation of patients with renal artery stenosis. Com-I will discuss the technique of magnetic resonance
angiography (MRA) only briefly (Fig. 5). Nuclei of some parison of the TOF technique with the phase-contrast
technique has revealed that the major advantage of theatoms have a magnetic moment, and a strong electro-
magnetic pulse destabilizes the protons. When protons former is a relatively short scanning time; its major disad-
vantage is less background suppression. The phase-con-return to baseline stability (relaxation) they emit energy,
that is, magnetic resonance, which can be measured. The trast technique has a relatively long scanning time but
good background suppression.two main techniques for imaging flowing blood in vessels
are time-of-flight (TOF) and phase-contrast sequences; Although MRA visualizes the main renal arteries in a
reliable way, this method has limited power in visualizingthe basis of these techniques is magnetic resonance of
protons contained in the water molecule. Using the TOF intrarenal arteries. However, further refinement of the
MR technique might allow adequate viewing of renaltechnique, the flowing blood produces a bright signal
when it is unmagnetized and unsaturated in terms of artery branches [77] and of the segmental arteries [78].
Furthermore, accessory renal arteries often are over-electromagnetic pulses compared with the adjacent tis-
sue. In the phase-contrast technique, the flowing blood looked, but the number of missed accessory renal arteries
can be reduced to less than 10% with gadolinium [69, 72].is bombarded by radio frequency pulses within the mag-
netic field and undergoes phase changes relative to the Patients with impaired renal function have an in-
creased risk of contrast nephropathy. In the evaluation ofadjacent tissue. These phase differences are the basis
for the image of the moving blood. By using a contrast these patients, initial information about the renal arteries
should be obtained by MRA. Potentially more nephro-medium, gadolinium, the relaxation time of the flowing
blood can be shortened, and the intravascular signals toxic studies then often can be avoided. Using the TOF
technique, Yucel et al observed a sensitivity of 100%and the quality of the image can be improved.
The sensitivity and specificity of MRA are 90% to and a specificity of 93% with regard to the presence or
absence of severe renal vascular disease (mean serum100% in most studies (Table 6). It is a limitation of MRA
that only the first 3 cm of the renal arteries can be reliably creatinine, 297 mmol/L; range, 198 to 583 mmol/L) [79].
Later analyses have shown that gadolinium-enhancedvisualized, but the technique is improved considerably
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MRA is a useful test for evaluating renal artery disease
in patients with compromised renal function [80, 81]
and caused no apparent nephrotoxicity in a retrospective
study [82]. In addition, MRA can provide an accurate
image of the renal transplant artery in a noninvasive
manner with a high sensitivity and specificity [82].
Magnetic resonance angiography is most useful in pa-
tients with renal artery disease caused by atherosclerosis,
as this lesion most often is localized in the proximal part
of the renal artery. Lesions in the distal part of the artery
are not visualized consistently. Thus, MRA cannot be
recommended in patients suspected of having fibromus-
cular dysplasia, because the lesions in this disease are
often localized in the distal part of the renal artery and
in the segmental arteries. The degree of stenosis can be
estimated by MRA [83], but the grading of stenosis has
not been refined to the same degree as that determined
by spiral CT angiography and conventional angiography
[83, 84].
In most patients with a high or moderate clinical likeli-
hood of having renal artery stenosis, MRA can replace
conventional angiography [85–87], especially in patients
with reduced renal function. If screening with renogra-
phy or color Doppler sonography has suggested renal
artery stenosis or occlusion, the diagnosis can be verified
or refuted by MRA when the lesion is in the proximal
part of the renal arteries. However, spiral CT angiogra-
phy or conventional angiography is often prudent if one
suspects stenosis of a branch renal artery or one or more
accessory or aberrant arteries.
Recommended guidelines
Tests for screening and diagnosing renal artery stenosis
should be performed in patients with a high or moderate
likelihood of having the disease according to the criteria
previously discussed. In patients with normal renal func-
tion, the first test should be ACE inhibitor renography,
conventional renography, or color Doppler sonography.
The choice of the test depends on local experience and
equipment. The results of renography are less dependent
on the personnel performing the test than is the case
with color Doppler sonography. The screening quality of
the test chosen should be very high; that is, the predictive
value of a negative test result must be more than 90%.
Under these conditions, a negative test will imply that
no more examinations should be performed to diagnose
a renal artery stenosis. However, if the test is positive,
some kind of renal imaging must be performed. Spiral
CT angiography or MRA are the best choices. Spiral CT
angiography is superior to MRA in detecting accessory
arteries and abnormalities in the distal part of the renal
artery. If one’s suspicion focuses on an atherosclerotic

























































































































































































































































































































































































































































































































































































mal part of the artery, and MRA has sufficiently high
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accuracy. Conventional renal angiography generally would Sahlgrenska Hospital, Gothenborg, Sweden): I have a
comment on screening tests. They should of course benot be necessary.
In patients with mild to moderately reduced renal cost effective, noninvasive, and allow an exclusion of the
presence of the lesion (a high negative predictive value).function, that is, serum creatinine less than 200 mmol/L
(|2.3 mg/dL), the same initial test can be used, either The best screening tests today are captopril renography
and duplex Doppler ultrasound. Renography is a rela-renography or color Doppler sonography. However, for
imaging the renal arteries, MRA is preferred over spiral tively invasive test (injection of tracer, administration of
captopril) and needs accurate standardization for evalua-CT angiography to avoid the risk of nephrotoxicity.
In patients with severe impairment in renal function, tion. It is also time consuming, as a two-day protocol
has been advocated. Ultrasound, on the other hand, isneither renography nor color Doppler sonography offers
substantial assistance in diagnosing a renal artery steno- totally noninvasive and easily performed by a trained
technician in a 30-minute recording of the flow velocitysis. Magnetic resonance angiography is recommended.
If MR scanning is not available, either spiral CT angiog- spectra downstream from the renal artery stenosis, that
is, recording in the intralobular arteries and not attemptingraphy or conventional angiography must be done, al-
though both carry a calculated risk of nephrotoxicity. to image the stenosis itself. Ultrasound by this technique
is a physiologic measurement, not a morphologic one.
We have reported that ultrasound investigation is at least
QUESTIONS AND ANSWERS
as good as a captopril renogram if not better, concerning
Dr. Nicolaos E. Madias (Executive Academic Dean, both sensitivity and specificity and concerning both posi-
Tufts University School of Medicine, Boston, Massachu- tive and negative predictive values. Therefore, we strongly
setts): For screening renography, how does one select advocate the use of duplex Doppler ultrasound for the
the radionuclide to be used? screening of renovascular disease.
Dr. Pedersen: We have used a marker of GFR, that Dr. Pedersen: We recently compared captopril renog-
is, DTPA, but you can use a marker of renal perfusion raphy and color Doppler sonography in a large consecu-
instead, that is, 123I-orthoiodohippurate (OIH), 131I-ortho- tive series of patients with severe hypertension and suspi-
iodohippurate (OIH), 99mTc-mercaptoacetylglycylglycyl- cion of renal artery stenosis [7]. Both tests were effective
glycine (MAG3), or other tracers. Both OIH and MAG3 and the predictive values were very similar. You do not
are excreted by glomerular filtration and tubular secre- always need to perform both conventional renography
tion; DTPA is eliminated only by glomerular filtration. and captopril renography. If you start with a captopril
131I-orthoiodohippurate might be inferior to the other renogram, and it is normal, you do not need to go further.
tracers mentioned, because it gives a relatively higher However, if the captopril renogram is abnormal, you
dose of radiation. OIH and MAG3 seem to be equally should proceed to conventional renography. Character-
good tracers, but MAG3 might be the most practical istic changes between the two renograms predict the
because it uses technetium. existence of renal artery stenosis. In addition to the diag-
Dr. Madias: You mentioned that simultaneous ad- nostic value, these changes will also predict a good out-
ministration of furosemide does not increase the diagnos- come of intervention, that is, elimination of the renal
tic accuracy of captopril renography. When we described artery stenosis either by PTRA or surgery [18]. Renogra-
captopril-induced functional azotemia in renovascular phy demands intravenous injection of the tracer. But in
disease, we noted that an element of volume depletion modern ultrasound examination, contrast medium also
conditioned by either low-sodium diet or diuretics was has to be given intravenously. Thus, color Doppler so-
a risk factor for developing this form of acute renal nography can include an invasive procedure. Regarding
failure. I would anticipate that prior administration of the costs of color Doppler sonography and renography,
furosemide actually might increase the predictive value I am not so sure that they differ much. Of course, the
of the test. Are there any observations on this variation quality of the technique depends on the person per-
of the procedure? forming the color Doppler sonography. A physician need
Dr. Pedersen: In healthy subjects, some degree of not perform renography, but one might be necessary for
volume depletion induced either by dietary sodium re- color Doppler sonography. The contrast media used for
striction or by diuretics increases the activity of the renin- color Doppler sonography are very expensive, so this
angiotensin system. Under these conditions, blockade of technique might be even more expensive than renogra-
the system by captopril increases the degree of blood phy. For the time being, I think the most balanced point
pressure fall. Administration of furosemide has been of view is that both captopril renography and color
recommended, but other studies report no increase in Doppler sonography are effective methods of screening
either the positive or negative predictive values when for renal artery stenosis, and that the cost depends very
using sodium depletion before renography. much on the local set-up, procedures, and choice of ra-
dionuclides or contrast media.Dr. Mattias Aurell (Department of Nephrology,
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Dr. Madias: You mentioned the limitation of color cerebrovascular insults were reduced. The message from
these studies is clear: elderly patients with hypertensionDoppler sonography in identifying accessory renal arter-
ies. What about occluded renal arteries and abdominal should be treated with antihypertensive agents. How-
ever, it is much more difficult to discern to what extentaortic aneurysms with associated renovascular stenosis?
Dr. Pedersen: An occluded renal artery usually can interventional treatment (PTRA or surgery) should be
instituted in elderly patients with renovascular hyperten-be detected either by color Doppler sonography or renog-
raphy. The presence of an abdominal aortic aneurysm sion, ischemic renal disease, or both. If the patient’s overall
clinical condition is good but the blood pressure is diffi-might result in a lower peak systolic velocity due to vascu-
lar dilation that can affect interpretation if used as the cult to control by medication, one should perform both
conventional and captopril renography in patients withreference value in calculating the renal/aortic ratio. How-
ever, an abdominal aortic aneurysm usually can be de- a renal artery stenosis, and a renal vein catheterization
for determination of renal-vein renin if a renal arterytected by ultrasound examination. Color Doppler sonog-
raphy is limited in its ability to identify accessory arteries, occlusion is present. Characteristic changes from conven-
tional to captopril renography or lateralization of reninand an abnormal increase of collateral circulation in the
kidney secondary to a renal artery stenosis or to an secretion by measurement of renal-vein renin concentra-
tions indicate that the stenosis/occlusion has pathophysi-occlusion might affect the intrarenal Doppler indices.
Dr. Madias: One might expect that the age of the pa- ologic significance. In addition, these results predict that
intervention (that is, PTRA with or without stenting intient and the nature of the renal artery stenosis (athero-
sclerosis versus fibromuscular dysplasia) might affect the renal artery stenosis, and nephrectomy, when renal ar-
tery occlusion has resulted in a small shrunken kidney)various indices of Doppler sonography on the basis of
a variable compliance of the prestenotic vessel. Is there most likely will be successful. If, however, the patient’s
blood pressure is well controlled by antihypertensivesupport for such considerations?
Dr. Pedersen: Renal resistive index increases with age therapy and no serious side effects are present, one
should avoid invasive intervention. In some elderly pa-[88]. Thus, age might be a complicating factor because
of increasing stiffness of the arteries, and it might be tients with hypertension, the overall clinical condition
can be poor because of diseases affecting many organs.necessary to apply normal ranges specific for the elderly.
Dr. Risto Ika¨heimo (Department of Medicine, Kuopio In these patients the possibility of successful intervention
is limited, so I would recommend treating the bloodUniversity Hospital, Kuopio, Finland): What is your rec-
ommendation for follow-up in patients who had been pressure only with antihypertensive agents.
Dr. Svend Strandgaard (Department of Nephrology,treated for renal artery stenosis with PTRA with or with-
out stenting? Is clinical monitoring sufficient, or should Herlev Hospital, Copenhagen, Denmark): What is your
view of the nephrotoxicity of gadolinium? Some radiolo-we routinely use spiral CT angiography, MR angiography,
or digital-subtraction angiography after 6 or 12 months gists have suggested that gadolinium be avoided in pa-
tients with severely impaired renal function.to detect a possible restenosis?
Dr. Pedersen: It is generally agreed that these patients Dr. Pedersen: Nephrotoxicity is a risk when MR angi-
ography is performed with gadolinium. In dialysis pa-should be evaluated regularly. Minimal tests are mea-
surement of blood pressure and serum creatinine. If ei- tients we perform dialysis after the examination. In pa-
tients with chronic renal failure who are not on dialysis,ther blood pressure or serum creatinine increase, you
must do imaging tests. I would start with color Doppler there is a risk of inducing acute renal failure, and one
should be prepared for this. However, the general im-sonography, and I would proceed with either MR angiog-
raphy or spiral CT angiography if the problem remains pression is that gadolinium is less nephrotoxic than are
conventional radiocontrast media [80, 81].unresolved. If blood pressure and serum creatinine are
unchanged at routine visits to the outpatient clinic, I Dr. Strandgaard: Some data suggest that around
10% of a dialysis population has chronic renal failure dueadvocate that a color Doppler sonography be performed
at least once yearly. Previous studies have shown that to ischemic nephropathy. How can we identify patients
when they are in the predialysis stage?color Doppler sonography can detect progression of re-
nal artery stenosis. Dr. Pedersen: Neither color Doppler sonography nor
renography is useful in diagnosing ischemic nephropathyDr. Ika¨heimo: Have you advice, guidelines, or an algo-
rithm for evaluating the need for intervention in elderly in patients with severely impaired renal function. But
conventional ultrasound examination can provide infor-atherosclerotic patients who have hypertension and a
renal artery stenosis? mation about the kidneys’ size. When both kidneys are
small and shrunken, end-stage renal failure can hardlyDr. Pedersen: The randomized and placebo-controlled
studies from the 1990s have shown a reduction in mortal- be prevented, and further examination to detect reno-
vascular disease is not warranted. On the other hand,ity and morbidity in elderly hypertensive patients during
antihypertensive treatment. Specifically, the number of when one or both kidneys is normal in size or is only
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moderately reduced in size, some nephrons might be saved a stimulation of compensatory factors that antagonize
if the renal artery stenosis is repaired. An MR angiogram angiotensin II-induced vasoconstriction and sodium and
of the renal arteries will clarify the extent and severity water retention. Thus, the balance between pressor and
of the renal artery disease and also whether a stent depressor factors might differ in different patients with
should be used for treatment. Recent studies have shown renal artery stenosis. This might explain why some pa-
that PTRA followed by stenting is effective in treating tients react with hypertension to renal ischemia and why
renal artery stenosis close to the ostia, where most ath- others do not.
erosclerotic lesions are localized [89, 90]. So I suggest Dr. Madias: Is it common for morphologic screening
that ultrasound examination be used to estimate the size tools for renovascular disease to underestimate the de-
of the kidneys when ischemic nephropathy is suspected. gree of stenosis in cases of eccentric plaques?
Ultrasound can be followed by MR angiography if at Dr. Pedersen: Spiral CT angiography is especially
least one kidney is not severely shrunken or contracted. suited to calculating the degree of a renal artery stenosis.
Dr. Madias: I would like to revisit the criteria you You can calculate the sectional area of a stenosis more
mentioned for determining the clinical suspicion of reno- precisely than by conventional two-dimensional angio-
vascular hypertension. The reference you cited [8] men- graphic methods. In addition, spiral CT angiography can
tions hypertension refractory to standard therapy as one easily detect calcium-containing plaques in the vessel wall.
such criterion. The question is, what constitutes standard Dr. Anders Hartmann (Department of Nephrology,
therapy? Evidently, renovascular hypertension exhibits Rikshospitalet, Oslo, Norway): Did you ever consider
excellent responsiveness to ACE inhibition. If these using PTRA and right renal artery stenting in your pa-
medications are included in standard therapy, this clini- tient to salvage renal function and not only to treat hy-
cal criterion would lose part of its diagnostic sensitivity. pertension? If the patient has a very severe renal artery
In fact, one can use excellent blood pressure response stenosis, would you recommend primary treatment with
to ACE inhibitors as a criterion pointing to the diagnosis PTRA just to save renal function?
of renovascular hypertension. Dr. Pedersen: In patients with renal artery stenosis,
Dr. Pedersen: Standard therapy has to be defined one always needs to consider whether treatment with
when we use this concept in clinical criteria to define PTRA, with or without stenting or surgical reconstruc-
refractory hypertension. In patients with renal artery tion, should be instituted or whether medical treatment
stenosis, blood pressure often can be well regulated by should be recommended. The two goals are to reduce
either an ACE inhibitor or an angiotensin II blocker. In blood pressure and to save nephrons. One very impor-
the definition I and others use, standard therapy does tant consideration is the size of the affected kidney. If
not include these two types of drugs. Also, recurrent
the kidney is small and shrunken, as was the right kidney
episodes of acute pulmonary edema in patients with mod-
in the presented case, and it has lost almost all excretoryerate to severe hypertension, renal insufficiency and, es-
function, there is nothing to rescue. The kidney shouldpecially, well-preserved left-ventricular function should
be removed if the patient’s blood pressure is difficult tobe added to the list of clinical criteria that should lead
control and there is evidence of increased renin secretionto suspicion of renovascular disease. This clinical presen-
from the affected side. Thus, we removed the severelytation appears to be a marker of bilateral renal artery
contracted kidney in today’s patient. The left kidney wasstenosis often in the company of unilateral occlusion.
not reduced in size, at least not very much. InterventionalDr. Anders Alvestrand (Department of Nephrology,
treatment therefore was appropriate. At that time, PTRAHuddinge Hospital, Stockholm, Sweden): You men-
was very rarely used for ostial stenosis because the resultstioned that renal artery stenosis has been found in several
were poor, especially with the lack of technical successpatients without a history of hypertension. Why do some
and a large risk of restenosis. Stenting had not yet beenpatients with renal artery stenosis develop hypertension
introduced. Thus, surgical treatment was chosen for thewhile others do not?
left renal artery stenosis. Nowadays the strategy wouldDr. Pedersen: Autopsy and angiographic studies have
be different. Ostial stenosis can be successfully treatedshown that patients can have renal artery stenosis with-
with PTRA if you put in a stent in the same sitting andout hypertension. First, let me say that the degree of
allow the stent to extend to the outer part of the aortarenal artery stenosis is not very well quantitatively de-
to avoid or minimize neointima formation [89, 90]. Thisscribed in the autopsy reports from the 1960s; that is,
treatment allows you to attempt both to salvage thesome of the stenoses might have been modest and not
kidney and to reduce or normalize the blood pressure.had pathophysiologic significance. New analyses have
Dr. Aurell: We have used carbon dioxide angiogra-shown some discrepancy between the degree of stenosis
phy in patients with severely reduced renal function, thatdetermined by the radiologists and the pathologists. Sec-
is, GFR values below 20 mL/min/m2 BSA. The techniqueond, the kidneys’ response to ischemia will partly be a
stimulation of the renin-angiotensin system and partly has been very rewarding to us for several reasons. But
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I wonder whether you do not favor this technique, as betes mellitus are referred to nephrologists because of
their renal failure. How should one diagnose renal arteryyou did not mention it.
Dr. Pedersen: Digital subtraction carbon dioxide an- stenosis and ischemic renal disease in these patients?
Dr. Pedersen: Patients with type 2 diabetes mellitusgiography and venography have become an alternative
to angiography using iodinated contrast medium. An have a high prevalence of atherosclerotic lesions in the
arteries in the brain, heart, legs, and kidneys, and in theunderstanding of the behavior of CO2 is necessary for
performing this technique safely and for optimizing im- aorta. Thus, these patients have an increased risk of renal
artery stenosis. If the renal function is normal or onlyaging. The diagnostic quality is equivalent to that ob-
tained by conventional angiography. However, the risk slightly reduced, you can screen for renal artery stenosis
using the same procedure as in nondiabetic patients. Ifof neurotoxicity precludes the use of CO2 cerebral angi-
ography, and there might be a risk of spinal cord damage renal function is moderately or severely impaired, nei-
ther renography nor color Doppler renography will yieldvia the spinal arteries when CO2 angiography is used for
visualization of the intra-abdominal vessels [91]. much information. Because of the increased risk of radio-
contrast-medium-induced nephrotoxicity in these pa-Dr. Madias: What drugs do you discontinue when
you plan to do renography? tients, we recommend doing MR angiography if possible
instead of spiral CT angiography or conventional angiog-Dr. Pedersen: The short answer is that you screen for
renal artery stenosis using captopril renography without raphy.
Dr. Helena Jaakkola (Department of Internal Medi-discontinuing any drugs. If the test is normal, you have
screened effectively and you do not need to go further. cine, Helsinki University Central Hospital): What is the
relevance of dyslipidemia in renal artery disease? CanIf the captopril renogram is abnormal, we perform con-
ventional renography after discontinuation of ACE in- cholesterol-lowering agents prevent the progression of
atherosclerotic renal artery disease?hibitors and angiotensin II blockers for about two weeks.
Generally speaking, other classes of antihypertensive Dr. Pedersen: I am not aware of any studies that
have specifically tested the effect of cholesterol-loweringagents do not affect the results of captopril renography,
or they do it only modestly. drugs on atherosclerotic lesions in the renal artery. An
elevated plasma cholesterol level generally increases theDr. Aurell: What is the outcome of interventional
treatment in patients with negative captopril renograms? risk of atherosclerosis in the arterial tree, and presum-
Dr. Pedersen: Geyskes and de Bruuyn performed ably also in the renal arteries.
clinical follow-up in 77 patients with renovascular hyper- Dr. Madias: How do these screening modalities per-
tension who were treated with PTRA [92]. Among the form in renovascular stenosis of a transplanted kidney?
58 patients who were cured or whose blood pressure im- Dr. Pedersen: Color Doppler sonography might be
proved, captopril renography was abnormal in 91% of difficult to use, at least when the intrarenal vessels are
all patients, in 95% of patients with unilateral stenosis, used for evaluation, as they can be affected to some
and in 86% of patients with bilateral stenosis and bilat- degree by vascular changes due to chronic rejection.
eral treatment. Among the 19 patients whose blood pres- Renography might give some information, but you need
sure did not change, captopril-induced changes on the another kidney to compare with. I think I would use one
renogram were lacking in 68%. These results lead one of the imaging methods. I would use MR angiography,
to argue that interventional treatment should not be per- because the most common place for a renal artery steno-
formed in patients with a negative captopril renogram. sis in a transplanted kidney usually is very close to or at
Geyskes and de Bruuyn concluded that the success of the arterial anastomosis, where it can easily be detected
PTRA in patients with a negative captopril renogram by MR angiography.
was so poor that it would have been better had they not
Reprint requests to Dr. E.B. Pedersen, Department of Medicine,performed angiography and PTRA at all [92]. On the
Holstebro Centralsygehus, Laega˚rdvej 12, 7500 Holstebro, Denmark.
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by either PTRA or surgical repair [93]. Our own analysis
1. Vecchio TJ: Predictive value of a single diagnostic test in unse-has shown that characteristic changes from conventional
lected populations. N Engl J Med 274:1171–1173, 1966
to captopril renography predict a good outcome of active 2. Anderson GH, Blakemann N, Streeten DHP: Prediction of reno-
vascular hypertension: Comparison of clinical diagnostic indices.treatment [18]. I would be reluctant to recommend inter-
Am J Hypertens 1:301–304, 1988ventional treatment in patients with renovascular hyper-
3. Davis BA, Crook JE, Vestal RE, Oates JA: Prevalence of reno-
tension when no significant changes are observed from vascular hypertension in patients with grade III or IV hypertensive
retinopathy. N Engl J Med 301:1273–1276, 1979conventional to captopril renography.
4. Fommei E, Mezzasalma L, Ghione S: European captopril radionu-Dr. Eero Honkanen (Department of Medicine, Divi-
clide test multicenter study: Preliminary results: Inspective reno-
sion of Nephrology, Helsinki University Central Hospital, graphic analysis. The European Captopril Radionuclide Test Muli-
center Group. Am J Hypertens 4:716S–720S, 1991Helsinki, Finland): Many elderly patients with type 2 dia-
Nephrology Forum: Diagnosing renal artery stenosis 2675
5. Setaro JF, Chen CC, Hoffer PB, Black HR: Captopril renogra- hypertension identified by captopril-induced changes in the reno-
gram. Hypertension 9:451–458, 1987phy in the diagnosis of renal artery stenosis and the prediction of
25. Roccatello D, Picciotto G, Rabbia C, Pozzato M, De Filippiimprovement with revascularization: The Yale Vascular Center
PG, Piccoli G: Prospective study on captopril renography in hyper-experience. Am J Hypertens 4:698S–705S, 1991
tensive patients. Am J Nephrol 12:406–411, 19926. Svetkey LP, Wilkinson R Jr, Dunnick NR, Smith SR, Dunham
26. Davidson RA, Wilcox CS: Newer tests for the diagnosis of reno-CB, Lambert M, Klotman PE: Captopril renography in the diagno-
vascular disease. JAMA 268:3353–3358, 1992sis of renovascular disease. Am J Hypertens 4:711S–715S, 1991
27. Blaufox MD, Middleton ML, Bongiovanni J, Davis BR: Cost7. Pedersen EB, Egeblad M, Jørgensen J, Nielsen SS, Spencer
efficacy of the diagnosis and therapy of renovascular hypertension.ES, Rehling M: Diagnosing renal artery stenosis: A comparison
J Nucl Med 37:171–177, 1996between conventional renography, captopril renography and ultra-
28. Van Jaarsveld BC, Krijnen P, Derkx FHM, Oei Y, Postmasound Doppler in a large consecutive series of patients with arterial
CT, Schalekamp MADH: The place of renal scintigraphy in thehypertension. Blood Press 5:342–348, 1996
diagnosis of renal artery stenosis. Arch Intern Med 157:1226–1234,8. Mann SJ, Pickering TG: Detection of renovascular hypertension:
1997State of the art: Review 1992. Ann Intern Med 117:845–853, 1992
29. Kopecky RT, Thomas FD, McAfee JG: Furosemide augments the9. Nally JV, Chen C, Fine E, Fommei E, Ghione S, Geyskes GG,
effects of captopril on nuclear studies in renovascular stenosis.Hoffer PH, Sfakianakas G: Diagnostic criteria of renovascular
Hypertension 10:181–188, 1987hypertension with captopril renography. Am J Hypertens 4:749S–
30. McAfee JG, Kopecky RT, Thomas FD, Hellwig B, Roskopf M:752S, 1991
Comparison of different radioactive agents for the detection of10. Maxwell MH, Bleifer KH, Franklin SS, Varady PD: Coopera-
renovascular hypertension with captopril in a rat model. J Nucltive study of renovascular hypertension: Demographic analysis of
Med 29:509–515, 1988the study. JAMA 220:1195–1204, 1972
31. Lee HB, Blaufox MD: Renal functional response to captopril11. Havey RJ, Krumlovsky F, Del Greco F, Martin HG: Screening
during diuretic therapy. J Nucl Med 33:739–743, 1992for renovascular hypertension. JAMA 254:388–393, 1985
32. McLean AG, Hilson AJ, Scoble JE, Maher ER, Thakrar DS,12. Chen CC, Hoffer PB, Vahjen G, Gottschalk A, Koster K,
Moorhead JF, Sweny P: Screening for renovascular disease withZybal IG, Setaro JF, Roer DA, Black HR: Patients at high risk
captopril-enhanced renography. Nephrol Dial Transplant 7:211–for renal artery stenosis: A sample method of renal scintigraphic
215, 1992analysis with Tc-99m-DTPA and captopril. Radiology 176:365–370,
33. Scoble JE, McClean A, Stansby G, Hamilton G, Sweny P, Hil-1990
son AJ: The use of captopril-DTPA scanning in the diagnosis of13. Giese J, Mogensen P, Munck O: Diagnostic value of renography
atherosclerotic renal artery stenosis in patients with impaired renalfor detection for unilateral renal or renovascular disease in hyper-
function. Am J Hypertens 4:721S–723S, 1991tensive patients. Scand J Clin Lab Invest 35:307–310, 1975
34. Datseris IE, Bomanj I, Brown EA, Nijran KS, Padhy AK, Siras14. Pedersen EB: Angiotensin-converting enzyme inhibitor renogra-
QH, Britton KE: Captopril renal scintigraphy in patients withphy: Pathophysiological, diagnostic and therapeutic aspects in renal
hypertension and chronic renal failure. J Nucl Med 35:251–254,artery stenosis. (review) Nephrol Dial Transplant 9:482–492, 1994 199415. Pedersen EB, Jensen FT, Eiskjær H, Hansen HH, Jensen JD, 35. Visscher CA, deZeeuw D, Huisman RM: Effect of chronic ACE
Jespersen B, Madsen B, Nielsen HK, Sørensen SS: Differentia- inhibition on the diagnostic value of renography for renovascular
tion between renovascular and essential hypertension by means hypertension: A preliminary report. Nephrol Dial Transplant
changes in single kidney 99mTc-DTAP clearance induced by angio- 10:263–265, 1995
tensin-converting enzyme inhibition. Am J Hypertens 2:323–334, 36. Morton KA, Rose SC, Haakenstad OA, Handy JE, Scuderi AJ,
1989 Datz FL: Diagnostic use of angiotensin converting enzyme (ACE)-
16. Dondi M, Levorato M, Corbelli C, Zagni P, Zuccala A, Gaggi inhibited renal scintigraphy in the identification of selective renal
R, Marchetta F, Losinno F, Stella A, Mirelli M: Detection of artery stenosis in the presence of multiple renal arteries: A case
renal artery stenosis by means of captopril renography with 99mTc- report. J Nucl Med 31:1847–1850, 1990
DTPA. Contrib Nephrol 79:181–185, 1990 37. Katial R, Ziessman HA: Segmental branch renal artery stenosis
17. Mann SJ, Pickering TG, Sos TA, Uzzo RG, Sarkar S, Friend diagnosed with captopril renography. J Nucl Med 33:266–268, 1992
K, Rackson ME, Laragh J: Captopril renography in the diagnosis 38. Spies K-P, Fobbe F, El-Bedewi M, Wolf K-J, Distler A, Schulte
of renal artery stenosis: Accuracy and limitations. Am J Med 90: K-L: Color-coded duplex sonography for noninvasive diagnosis
30–40, 1991 and grading of renal artery stenosis. Am J Hypertens 8:1222–1231,
18. Pedersen EB, Jensen FT, Madsen B, Eiskjær H, Nielsen JT, 1995
Rehling M: Angiotensin-converting enzyme inhibitor renography 39. Postma CT, van Aalen J, de Boo T, Rosenbusch G, Thien T:
in the diagnosis of renovascular hypertension: Studies before and Doppler ultrasound scanning in the detection of renal artery steno-
after angioplasty. Nephrol Dial Transplant 7:1178–1184, 1992 sis in hypertensive patients. Br J Radiol 65:857–860, 1992
19. Dey HM, Hoffer PB, Lerner E, Zubal IG, Setaro JF, Black 40. Stavros T, Parker SH, Yakes WF, Chantelois HE, Burke BJ,
HR: Quantitative analysis of the technetium-99m-DPTA captopril Meyers PR, Schenck JJ: Segmental stenosis of the renal artery:
renogram: Contribution of washout parameters to the diagnosis Pattern recognition of tardus and parvus abnormalities with duplex
of renal artery stenosis. J Nucl Med 34:1416–1419, 1993 sonography. Radiology 184:487–492, 1992
20. Mittal BR, Kumar P, Arora P, Kher V, Singhai MK, Maini 41. Kliewer MA, Tupier RH, Cargil BA, Paine SS, Krieghauser
A, Das BK: Role of captopril renography in the diagnosis of JS, Hertzberg BS, Svetkey LP: Renal artery stenosis: Analysis of
renovascular hypertension. Am J Kidney Dis 28:209–213, 1996 Doppler waveform parameters and tardus-parvus pattern. Radiol-
21. Erbslo¨h-Mo¨ller B, Dumas A, Roth D, Sfakianakis GN, Bour- ogy 189:779–787, 1993
goignie JJ: Furosemide –131I-hippuran renography after angioten- 42. Schwerk WB, Restrepo IK, Steilwag M, Klose KJ, Schade-
sin-converting enzyme inhibition of the diagnosis of renovascular Brittinger C: Renal artery stenosis grading with image directed
hypertension. Am J Med 90:23–29, 1991 Doppler US evaluation of resistive index. Radiology 190:785–790,
22. Nitzsche E, Grosser G, Rump C, Strauss E, Meyer E, Keller 1994
E, Moser E: Captopril-renal function scintigraphy in the clarifica- 43. Olin JW, Piedmonte MR, Young JR, Deanna S, Grubb M, Chilos
tion of arterial hypertension. Radiologe 31:141–146, 1991 MB: The utility of duplex ultrasound scanning of the renal arteries
23. Roccatello D, Picciotto G: Captopril-enhanced scintigraphy us- for diagnosing significant renal artery stenosis. Ann Intern Med
ing the method of the expected renogram: Improved detection of 122:833–838, 1995
patients with renin-dependent hypertension due to functionally 44. Krumme B, Blum U, Schwertberger E, Flu¨gel P, Ho¨llstein F,
significant renal artery stenosis. Nephrol Dial Transplant 12:2081– Schollmeyer P, Rump LC: Diagnosis of renovascular disease by
2086, 1997 intra- and extrarenal Doppler scanning. Kidney Int 50:1288–1292,
199624. Geyskes GG, Oei HY, Puylaert CB, Mees EJ: Renovascular
Nephrology Forum: Diagnosing renal artery stenosis2676
45. Miralles M, Cairols M, Cotillas J, Gimenez A, Santiso A: man GE, Sostman HD: Imaging of the renal arteries: Value of
MR angiography. Am J Roentgenol 157:981–990, 1991Value of Doppler parameters in the diagnosis of renal artery steno-
sis. J Vasc Surg 23:428–435, 1996 65. Kent KG, Edelman RR, Kim D, Steinman TI, Porter DH, Skill-
man JJ: Magnetic resonance imaging: A reliable test for the evalua-46. Missouris CG, Allan GM, Balen FG, Buckenham T, Lees WR,
MacGregor GA: Non-invasive screening for renal artery stenosis tion of proximal atherosclerotic renal artery stenosis. J Vasc Surg
13:311–318, 1991with ultrasound contrast enhancement. J Hypertens 14:519–524,
1996 66. Silverman JM, Friedman ML, Vanallan RJ: Detection of main
renal artery stenosis using phase-contrast cine MR angiography.47. Postma CT, Bijlstra PJ, Rosenbusch G, Thien T: Pattern of
recognition of loss of early systolic peak by Doppler ultrasound Am J Roentgenol 166:1131–1137, 1996
67. De Cobelli F, Mellone R, Salvioni M, Vanzulli A, Sironi S,has a low sensitivity for the detection of renal artery stenosis. J
Hum Hypertens 10:181–184, 1996 Manunta P, Lanzani C, Bianchi G, Del Maschio A: Renal artery
stenosis: Value of screening with three-dimensional phase-contrast48. Nazzal MMS, Hoballah SS, Miller EV, Sharp WJ, Kresowik
TF, Corson J: Renal hilar Doppler analysis is of value in the MR angiography with a phased-array multicoil. Radiology 201:697–
703, 1996management of patients with renovascular disease. Am J Surg
174:164–168, 1997 68. De Haan MW, Kouwenhoven M, Thelissen GRP, Koster D,
Kessels AGH, Deleeuw PW, Van Engels HO, Yen JMA: Reno-49. Riehl J, Schmitt H, Bongartz D, Bergmann D, Sieberth HG:
Renal artery stenosis: Evaluation with colour duplex ultrasonogra- vascular disease in patients with hypertension: Detection with sys-
tolic and diastolic gating in three-dimensional, phase-contrast MRphy. Nephrol Dial Transplant 12:1608–1614, 1997
50. Burdick L, Airoldi F, Marana I, Giussani M, Alblerti C, Cianci angiography. Radiology 198:449–456, 1996
69. Holland GA, Dougherty L, Carpenter JP, Golden MA, Gil-M, Lovaria A, Saccheri S, Gazzano G, Morganti A: Superiority
of acceleration and acceleration time over pulsatility and resistance feather M, Slossman F, Schnall MD, Axel L: Breath-hold ul-
trafast three-dimensional gadolinium-enhanced MR angiographyindices as screening tests for renal artery stenosis. J Hypertens
14:1229–1235, 1996 of the aorta and the renal and other visceral abdominal arteries.
Am J Roentgenol 166:971–981, 199651. Baxter GM, Aitchison F, Sheppard M, Moss JG, McLeod MJ,
Harden PN, Love JG, Robertson M, Taylor G: Colour Doppler 70. Loubeyre P, Trolliet P, Cahen R, Grozel F, Labeeuwe M,
Andre´ TMV: MR angiography of renal artery stenosis: Valueultrasound in renal artery stenosis: Intrarenal waveform analysis.
Br J Radiol 69:810–815, 1996 of the combination of three-dimensional time-of-flight and three-
dimensional phase-contrast MR angiography sequences. Am J52. Rene PC, Oliva VL, Bui BT, Froment D, Harel C, Nicolet V,
Courteau M, Carignan L: Renal artery stenosis evaluation of Roentgenol 167:489–494, 1996
71. Snidow JJ, Johnson MS, Harris VJ, Margosian PM, Aisen AM,Doppler US after inhibition of angiotensin converting enzyme with
captopril. Radiology 196:675–679, 1995 Lalka SG, Cikrit DF, Trerotola SO: Three-dimensional gadolin-
ium-enhanced MR angiography for aortoiliac inflow assessment53. Gottlieb RH, Lieberman J, Ghaed VN, Grossman EB, Waldman
DL, Azodo MVU, Watt GH, Robinette WB, Carson NL: Prelim- plus renal artery screening in a single breath hold. Radiology
198:725–732, 1996inary assessment of captopril sonography in screening for renal
artery stenosis. Acad Radiol 3:57–62, 1996 72. De Cobelli F, Vanzulli A, Sironi S, Mellone R, Angeli E,
Venturi M, Garancini MP, Quartagno R, Bianchi G, Del54. Veglio F, Frascisco M, Melchio R, Provera E, Rabbia F, Oliva
S, Chiandussi L: Assessment of renal resistance index after capto- Maschio A: Renal artery stenosis: Evaluation with breath-hold,
three-dimensional, dynamic gadolinium-enhanced versus three-pril test by Doppler in essential and renovascular hypertension.
Kidney Int 48:1611–1616, 1995 dimensional, phase-contrast MR angiography. Radiology 205:689–
695, 199755. Rubin GD, Dake MD, Napel S, Jeffrey RB, McDonnell CH,
Sommer FG, Wexler L, Williams DM: Spiral CT of renal artery 73. Schoenberg SO, Knopp MV, Bock M, Kallinowski F, Just A,
Essig M, Hawighorst H, Schad L, Van Kaick G: Renal arterystenosis: Comparison of three-dimensional rendering techniques.
Radiology 190:181–189, 1994 stenosis: Grading of hemodynamic changes with cine phase-con-
trast MR blood flow measurements. Radiology 203:45–53, 199756. Olbricht CJ, Paul K, Prokop M, Chavan A, Schaefer-Prokop
CM, Jandeleit K, Koch KH, Galanski M: Minimally invasive 74. Wolf RL, King BF, Torres VE, Wilson DM, Ehman RL: Mea-
surement of normal renal artery blood flow: Cine phase contrastdiagnosis of renal artery stenosis by spiral computed tomography
angiography. Kidney Int 48:1332–1337, 1995 imaging versus clearance of p-aminohippurate. Am J Roentgenol
161:995–1002, 199357. Elkohen M, Beregi JP, Dekluader G, Artaud D, Moumier-
Vehier C, Carre AG: A prospective study of helical computed 75. Debatin JF, Ting RH, Wegmu¨ller H, Sommer FG, Fredrickson
JO, Brosnan TJ, Bowman BS, Myers BD, Herfkens RU, Pelctomography angiography versus angiography for the detection of
renal artery stenosis in hypertensive patients. J Hypertens 14:525– NJ: Renal artery blood flow: Quantitation with phase-contrast MR
imaging with and without breath holding. Radiology 190:371–378,528, 1996
58. Prokop M, Schaeffer-Prokop C, Galanski M: Spiral CT angiogra- 1994
76. Roberts DA, Detre JA, Bolinger L, Insko EK, Lenkinski RE,phy of the abdomen. Abdom Imaging 22:143–153, 1997
59. Kaatee R, De Beek FJA, Lange EE, van Leeuwen MS, Smits Pentecost HJ, Leigh JS: Renal perfusion in humans: MR imaging
with spin tagging of arterial water. Radiology 196:281–286, 1995HFM, van der Ven PJG, Beutler JJ, Mali WPTM: Renal artery
stenosis: Detection and quantification with spiral CT angiography 77. Prince MR, Narasimham DL, Stanley JC, Chenevert TL, Will-
iams DH, Marx MV, Cho K: Breath-hold gadolinium-enhancedversus optimized digital subtraction angiography. Radiology
205:121–127, 1997 MR angiography of the abdominal aorta and its major branches.
Radiology 197:785–792, 199560. Olbricht CJ, Galanski M, Chavan A, Prokop M: Spiral CT angi-
ography: Can we forget about arteriography to diagnose renal 78. Wilman AH, Riederer SJ, Grimm RC, Rosmann PJ, Wang Y,
King BF, Ehman RL: Multiple breathold 3D time-of-flight MRartery stenosis? Nephrol Dial Transplant 11:1227–1231, 1996
61. Kim TS, Chung JW, Park JH, Kim SH, Yeon KM, Han MI: Renal angiography of the renal arteries. Magn Reson Med 35:426–434,
1996artery evaluation: Comparison of spiral CT angiography to intra-
arterial DSA. J Vasc Interv Radiol 9:553–559, 1998 79. Yucel EK, Kaufman JA, Prince M, Bazari H, Fang LST, Walt-
man AC: Time of flight renal MR angiography: Utility in patients62. Rubin GD, Alfrey EJ, Dake MD, Semba OP, Sommer FG, Kuo
PC, Dafoe DC, Waskernitz JA, Bloch DA, Jeffrey RB: Assess- with renal insufficiency. Magn Reson Imaging 11:925–930, 1993
80. Ghantous VE, Eisen TD, Sherman AH, Finkelstein FO: Evalu-ment of living renal donors with spiral CT. Radiology 195:457–462,
1995 ating patients with renal failure for renal artery stenosis with gado-
linium-enhanced magnetic resonance angiography. Am J Kidney63. Kim D, Edelman RR, Kent KC, Porter DH, Skillman JJ: Abdom-
inal aorta and renal artery stenosis: Evaluation with MR angiogra- Dis 33:36–42, 1999
81. Arsenault TM, King BF, Marsh JW Jr, Goodman JA, Weaverphy. Radiology 174:727–731, 1990
64. Debatin JF, Spritzer CE, Grist TM, Bean C, Svetkey LP, New- AL, Wood CP, Ehman RL: Systemic gadolinium toxicity in patients
Nephrology Forum: Diagnosing renal artery stenosis 2677
with renal insufficiency and renal failure: Retrospective analysis related and vasomotor stimuli-induced changes in renal vasculature
resistance detected by Doppler ultrasound. Am J Hypertens 9:461–of an initial experience. Mayo Clin Proc 71:1150–1154, 1996
82. Gedroyc WMW, Negus R, Al-Kutoubi A, Palmer A, Taube D, 466, 1996
89. Tuttle KR, Raabe RD: Endovascular stents for renal revasculari-Hulme B: Magnetic resonance angiography of renal transplants.
Lancet 339:789–791, 1992 zation. Curr Opin Nephrol Hypertens 7:695–701, 1998
90. Ven PJG, Kaatee R, Beutler JJ, Beek FJA, Woittiez A-JJ,83. King BF: MR angiography of the renal arteries. Semin Ultrasound
CT MR 17:398–403, 1996 Buskens E, Koomans HA, Mali WPT: Arterial stenting and bal-
loon angioplasty in ostial atherosclerotic renovascular disease: A84. Obricht CJ, Arlart IP: Magnetic resonance angiography: The
procedure of choice to diagnose renal artery stenosis? Nephrol randomised trial. Lancet 353:282–286, 1999
91. Kerns SR, Hawkins IF, Sabatelli FW: Current status of carbonDial Transplant 13:1620–1622, 1998
85. Prince MR: Renal MR angiography: A comprehensive approach. dioxide angiography. Vasc Imaging 33:15–29, 1995
92. Geyskes GG, de Bruuyn JG: Captopril renography and the effectJ Magn Reson Imaging 8:511–516, 1998
86. Schoenberg SO, Prince MR, Knopp MV, Allenberg JR: Renal of percutaneous transluminal angioplasty on blood pressure in 94
patients with renal artery stenosis. Am J Hypertens 4:685S–689S,MR angiography. Magn Reson Imaging Clin N Am 6:351–370, 1998
87. Bakker J, Beek FJ, Beutler JJ, Hene RJ, De Kort GA, Lange 1991
93. Jensen G, Moonen M, Aurell M, Granerus G, Volkmann R:EE, Moons KG, Mali WP: Renal artery stenosis and accessory
renal arteries: Accuracy detection and visualization with gadolin- Reliability of ACE inhibitor-enhanced 99Tcm-DTPA gamma cam-
era renography in the detection of renovascular hypertension. Nuclium-enhanced breath-angiography. Radiology 207:497–504, 1998
88. Boddi M, Sacchi S, Lammel RG, Mohseni R, Serneri GGN: Age- Med Commun 14:169–175, 1993
